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total	thickness	cm	 106.94	 57.18	 66.62	 50.58	 116.75	 79.0	 45.4	
mean	thickness	cm	 0.55	 0.67	 2.38	 2.11	 0.83	 1.16	 0.73	
number	of	layers	
identified	































































































































≥5mm	 94	 140.74	 57	 86.62	
	 19%	 68%	 22%	 75%	
1mm-5mm		 252	 55.1	 116	 23.16	
	 51%	 27%	 45%	 20%	
<1mm	 146	 9.56	 87	 5.68	
	 30%	 5%	 33%	 5%	
total	 492	 205.4	 260	 115.46	
	517	
	518	
Figure	4:	2018	Google	Earth	CNES/Airbus	image	highlighting	(yellow)	the	area	of	519	
probable	stream	capture.	520	
	521	
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	522	
5.2.	Neolithic	erosion	523	
	524	
Between	~13,800	and	9300	cal	BP	(1584	cm)	influx	of	clastic	matter	into	Nar	Lake	525	
was	minimal,	notwithstanding	major	changes	in	hydroclimate	and	vegetation	during	526	
the	Late	Glacial-Holocene	transition.		The	Younger	Dryas	period	was	characterised	by	527	
particularly	slow	sedimentation	and	very	low	values	for	Ti/Ca	and	K.		The	time	period	528	
between	9300	and	8000	cal	BP	saw	the	first	evidence	of	significant	catchment	529	
erosion,	indicated	by	the	presence	of	visible	turbidite	layers	and	in	Itrax	profiles	(Fig.	530	
2).		This	period	can	be	subdivided	into	an	early	phase	(1584-1550	cm;	9300-9165	cal	531	
BP),	with	only	three	turbidites	but	elevated	values	of	K	and,	especially,	Ti/Ca,	and	a	532	
later	phase	in	which	turbidite	layers	are	more	common	(1506-1426	cm;	8830	to	8200	533	
cal	BP).		The	earlier	phase	was	therefore	characterised	by	catchment	disturbance	but	534	
only	rare	turbidity	flows.	This	was	possibly	because	the	alluvial	fan	delta	had	not	yet	535	
fully	formed,	so	that	eroded	sediment	could	pass	directly	from	the	catchment	into	the	536	
lake,	without	intermediate	storage.	By	the	later	period,	the	presence	of	clear	537	
turbidites	and	sharp	peaks	in	detrital	indicators	indicate	that	a	fan	delta	must	have	538	
been	in	existence.	In	this	scenario,	the	current	fan	delta	would	have	formed	during	539	
the	early	Holocene,	and	the	initial	lack	of	turbidites	may	signal	the	absence	of	a	540	
sublacustrine	delta	front	where	these	would	be	generated.	541	
	542	
In	terms	of	causal	mechanisms,	three	potential	explanations	suggest	themselves	for	543	
the	period	of	early	Holocene	enhanced	hydrogeomorphic	instability.		First,	there	is	544	
evidence	of	a	major	eruption	of	one	of	Cappadocia’s	stratovolcanoes	at	around	8600	545	
cal	BP	(Mouralis	et	al.,	2002;	Zanchetta	et	al.,	2011;	Schmitt	et	al.,	2014),	which	may	546	
have	caused	an	influx	of	atmosphere-derived	tephra.	This	would	equate	to	~1490	cm	547	
depth	in	the	NAR10	core	sequence.	Because	the	lake	lies	in	a	volcanic	maar,	it	is	not	548	
easy	to	distinguish	distal	(extracatchment)	from	proximal	(intracatchment)	sources	549	
of	pyroclastic	sediment	in	terms	of	their	geochemistry.	However,	any	volcanic	input	550	
would	have	been	short-lived,	and	it	did	not	disturb	lake	stratification	or	varve	551	
formation,	although	co-seismic	activity	may	have	been	responsible	for	microfaulting	552	
of	the	sediments	in	unit	5a.		Volcanic	activity	therefore	cannot	explain	the	longer-553	
term	(~1300	year)	increase	in	clastic	influx.		554	
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	555	
A	second,	and	more	likely,	potential	cause	is	climatic.	While	the	early	Holocene	as	a	556	
whole	was	a	period	of	favourable	climate	and	lake	water	balance,	this	was	557	
interrupted	by	drier	phases,	initially	around	9300	cal	BP	and	then,	more	importantly,	558	
after	8600	cal	BP,	culminating	in	the	8200	cal	BP	arid	event.		These	hydroclimatic	559	
changes	are	recorded	in	stable	isotope	and	Ca/Sr	data	from	the	NAR10	cores	and	also	560	
in	δ2H	values	of	lipid	biomarkers	preserved	in	pottery	from	the	Neolithic	site	of	561	
Çatalhöyük	(Roffet-Salque	et	al.,	2018).	The	earlier	phase	of	enhanced	erosion	also	562	
saw	a	sharp,	but	short-lived,	decline	in	oak	pollen	and	a	corresponding	increase	in	the	563	
pollen	of	ruderal	plants	such	as	Rumex	(dock;	see	also	Roberts	et	al.,	2016).	However,	564	
this	evidence	is	currently	based	on	a	single	pollen	sample	and	could	have	been	565	
anthropogenic	as	well	as	climatic	in	origin.		Aridification	trends	seem	likely	to	have	566	
contributed	to	Neolithic	landscape	instability,	especially	around	8.2	ka,	which	567	
coincides	with	the	thickest	early	Holocene	turbidite	layer.		On	the	other	hand,	climate	568	
alone	seems	unlikely	to	be	a	sufficient	explanation,	as	other	climatic	transitions	569	
toward	aridity	during	the	Late	Quaternary	record	from	Nar	(e.g.,	onset	of	the	Younger	570	
Dryas	and	of	the	megadrought	at	~3.2	ka	cal	BP)	are	not	accompanied	by	any	571	
increase	in	erosion.	572	
	573	
Third,	human-induced	disturbance	may	have	contributed	to	Neolithic	erosion	in	the	574	
Nar	Lake	catchment.		The	period	between	9300	and	8000	cal	BP	coincides	with	the	575	
Neolithic	occupation	at	Çatalhöyük	East	Mound,	the	largest	known	settlement	of	this	576	
period	in	Anatolia	(Hodder,	2014).	One	of	the	main	sources	of	the	obsidian	found	at	577	
Çatalhöyük	is	Nenezi	Dağ,	a	hill	located	3	km	from	Nar	Lake,	just	outside	its	578	
catchment	(Carter,	2011).		This	obsidian	workshop	was	active	throughout	the	579	
ceramic	Neolithic	period,	especially	from	8600	to	8200	cal	BP,	probably	on	a	seasonal	580	
basis.	Nar	Lake	would	have	provided	an	obvious	base	for	people	mining	the	black	581	
volcanic	glass,	with	freshwater	springs	around	the	lake	providing	a	year-round	water	582	
source	for	livestock	as	well	as	human	use.	One	of	the	principal	freshwater	springs	lies	583	
at	the	base	of	what	is	today	eroding	badlands.	Nenezi	obsidian	was	also	used	at	the	584	
slightly	earlier,	but	geographically	closer,	aceramic	Neolithic	settlement	sites	of	585	
Musalar	and	Aşıklı	Höyük	(Kayacan	and	Özbaşaran,	2007;	Balcı,	2010).	A	comparison	586	
of	proxies	for	climate,	erosion,	and	obsidian	mining	(Fig.	5)	shows	that	the	period	587	
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8600-8200	cal	BP	was	marked	by	an	increase	in	the	share	of	Nenezi	Dağ	obsidian	588	
used	at	Çatalhöyük,	corresponding	to	the	main	phase	of	Neolithic	turbidite	589	
deposition.	The	same	period	was	also	characterised	by	a	trend	toward	climatic	590	
aridity.			Hence,	it	seems	probable	that	this	period	of	landscape	instability	resulted	591	
from	climatic	and	anthropogenic	factors	operating	in	combination.		592	
	593	
Figure	5:	NAR10	Neolithic	changes	in	erosion	(clastic	layer	thickness	in	cm,	left	594	
axis	scale)	and	climate	(right	axis),	along	with	proportion	of	Nenezi	obsidian	595	
found	at	Çatalhöyük	(left	axis	scale;	data	from	Carter,	2011).		596	
	597	
	598	
	599	
5.3.	Late	Holocene	erosion	history	600	
	601	
Apart	from	a	single	turbidite	layer	at	the	time	of	the	4.2	ka	cal	BP	drought	event		(962	602	
cm)	and	another	around	3.5	ka	cal	BP	(718	cm),	no	other	post-Neolithic	clastic	layers	603	
are	recorded	in	the	NAR10	core	sequence	until	sedimentary	unit	1.	This	implies	604	
geomorphologically	stable	terrain	with	only	limited	erosion	in	the	lake	catchment	for	605	
most	of	the	mid-Holocene,	notwithstanding	the	fact	that	this	period	saw	major	606	
changes	in	climate,	vegetation	cover,	and	lake	level,	along	with	the	development	of	607	
complex	societies.	Itrax	detrital	indices	indicate	minimum	levels	of	clastic	input	into	608	
the	lake	in	unit	4	(8000-6500	cal	BP,	early-to-mid	Chalcolithic),	showing	that	any	609	
badland	development	initiated	in	the	preceding	Neolithic	period	had	been	arrested	610	
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and	the	landscape	had	healed.		Units	3	and	2	(~4500-2600	cal	BP)	included	periods	of	611	
drought	and	low	lake	levels,	and	also	a	major	decline	in	woodland	cover,	attested	by	612	
lower	oak	pollen	percentages.	Even	so,	the	increase	in	clastic	input	to	the	lake,	613	
according	to	Ti/Ca	ratios	and	K	concentrations,	was	modest	until	2500	cal	BP	(unit	1).		614	
During	the	time	period	before	this,	the	Nar	sequence	stands	in	contrast	to	some	other	615	
records	of	erosion	history	in	central	Anatolia.	In	tributary	valleys	of	the	middle	616	
Sakarya	River	near	Gordion,	for	example,	soil	erosion	rates	started	to	rise	in	Late	617	
Chalcolithic	or	Early	Bronze	Age	times	(i.e.,	5500-4000	cal	BP;	Marsh	and	Kealhofer,	618	
2014).		Similarly,	topsoil-derived	alluvium	(the	Upper	Alluvial	Complex)	began	to	be	619	
deposited	on	the	Çarşamba	alluvial	fan	in	the	Konya	basin	during	Bronze	Age	times	620	
(Boyer	et	al.,	2006;	Ayala	et	al.,	2017).	On	the	other	hand,	the	increase	in	inferred	621	
hillslope	erosion	at	Nar	after	2500	cal	BP	is	similar	in	date	to	that	recorded	from	the	622	
Gravgaz	depression	(Dusar	et	al.,	2012).	An	increase	in	minerogenic	sediment	influx	623	
is	also	recorded	during	the	first	millennium	BCE	at	Gölhisar,	similarly	located	in	624	
southwest	Anatolia	(Eastwood	et	al.,	1999).			625	
	626	
During	unit	1,	influx	of	clastic	sediment	increased	markedly,	rising	from	<1%	to	>39%	627	
of	the	total	accumulated	sediment	(Fig.	2).	A	total	of	97	clastic	layers	were	recorded	628	
visually	in	unit	1	of	the	NAR10	cores,	representing	one	event	per	27	years,	while	Itrax		629	
and	thin-section	data	record	a	larger	number	of	mainly	thin	(typically	<2	mm)	layers.	630	
Clastic	layers	occur	throughout	the	~6	m	of	unit	1	in	the	Itrax	data,	with	the	only	631	
significant	multidecadal	periods	of	nondeposition	being	at	1893-1838,	842-775	and	632	
~700-600	cal	BP.		633	
	634	
The	results	of	signal	processing	to	generate	flood	event	frequencies	and	magnitudes	635	
per	50	years	are	shown	in	Fig.	6.		Event	frequencies	reached	a	maximum	at	1800	cal	636	
BP	and	then	declined	to	reach	a	minimum	at	750	cal	BP	before	gradually	rising	again	637	
toward	the	present	day	(Fig.	6a).		The	thicker	(≥5	mm)	turbidite	layers	were	much	638	
less	evenly	distributed	through	time	than	the	thin	flood	layers,	with	distinct	event	639	
clusters	and	intervening	time	gaps	(Fig.	3).	This	uneven	temporal	distribution	is	640	
significant,	as	it	shows	that	the	main	turbidite	layers	were	not	simply	the	641	
consequence	of	an	autocyclic	process	of	sediment	buildup	and	fan	slope	failure.	642	
Instead,	they	must	have	been	controlled	primarily	by	exogenous	(catchment)	rather	643	
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than	endogenous	(within-lake)	processes.		Average	layer	thickness	per	50	years	644	
peaked	between	1050	and	650	cal	BP	(Fig.	6b),	including	the	single	thickest	turbidite	645	
layer	in	the	whole	core	sequence	(~10	cm),	which	dates	to	878/868	cal	BP	(1077±5	646	
CE).	This	is	coeval	with	dates	for	the	rockcut	features	in	the	Nar	catchment	during	the	647	
mid-Byzantine	Golden	Age.	By	combining	layer	frequency	and	thickness,	temporal	648	
changes	in	total	volume	of	clastic	influx	into	Nar	Lake	can	be	calculated	(Fig.	6c).		This	649	
shows	three	main	periods	of	elevated	detrital	input	from	the	lake	catchment	during	650	
the	last	2500	years,	namely	2050-1350	cal	BP	(phase	3),	1000-700	cal	BP	(phase	2),	651	
and	since	50	BP	(i.e.,	since	the	beginning	of	the	twentieth	century,	phase	1).	The	first	652	
of	these	phases	displays	a	cyclical	pattern,	with	three	influx	peaks	separated	by	653	
intervening	troughs	(i.e.,	phases	3a,	3b,	and	3c).	654	
	655	
Figure	6	(a)	Clastic	layer	frequency,	(b)	individual	clastic	layer	thickness,		and	(c)	656	
total	clastic	layer	thickness	per	50	years,	since	2500	cal	BP	in	the	NAR10	core	657	
sequence.	658	
	659	
	660	
	661	
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Multiproxy	comparison	can	be	used	to	investigate	the	causal	mechanisms	behind	662	
deposition	of	clastic	layers	in	Nar	Lake	during	the	last	2500	years.		As	these	different	663	
proxies	derive	from	the	same	lake	sediment	cores	analysed	for	clastic	layers,	there	is	664	
no	risk	of	temporal	miscorrelation	between	them.	For	climate	we	use	δ18O	on	665	
authigenic	carbonate,	with	more	negative	isotopic	values	indicating	wetter	666	
hydroclimatic	conditions	(Jones	et	al.,	2006;	Dean	et	al.,	2015b).		The	δ18O	data	667	
indicate	drier	conditions	before	1500	cal	BP,	followed	by	a	period	of	overall	wetter	668	
climate	from	1500	to	600	cal	BP,	including	the	Medieval	Climate	Anomaly.		During	the	669	
Little	Ice	Age	(after	600	cal	BP/1400	CE),	regional	hydroclimate	was	once	again	drier,	670	
before	a	shift	to	wetter	conditions	during	the	mid-twentieth	century	(Fig.	7).	Because	671	
the	mean	residence	time	of	water	in	this	nonoutlet	lake	is	around	11	years	(Dean	et	672	
al.,	2015a),	δ18O	data	provide	decadal-average,	not	annual,	conditions,	and	they	are	673	
unlikely	to	sense	individual	hydroclimatic	events,	such	as	high-intensity	storms.		674	
	675	
Land	cover	can	be	inferred	from	pollen	analysis	(England	et	al.,	2008),	with	676	
agricultural	land	use	indicated	by	the	proportion	of	Cerealia-type	and	olive	tree	677	
pollen.	There	was	an	important	phase	of	olive	(Olea)	cultivation	between	~1900	and	678	
1300	cal	BP,	during	Imperial	Roman	and	early	Byzantine	times.	Forest	cover	is	679	
recorded	by	the	percent	pollen	of	deciduous	oak	(Quercus),	which	peaked	between	680	
1300	and	1000	cal	BP	(Fig.	7).		This	period	of	reforestation	and	rewilding	coincides	681	
historically	with	the	period	of	the	Byzantine-Arab	wars,	when	central	Anatolia	682	
became	a	frontier	zone	and	was	depopulated.		Pollen	recruitment	was	not	restricted	683	
to	the	lake	catchment	but	captured	regional	to	extraregional	as	well	as	local	pollen.		684	
The	presence	of	cereal-type	pollen	in	the	sediment	cores,	for	example,	does	not	685	
necessarily	mean	that	cereal	crops	were	being	cultivated	within	the	lake	watershed,	686	
although	they	must	have	been	grown	close	by.	687	
	688	
	 	689	
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	690	
Figure	7:	Clastic	layers	in	NAR10	vs.proxies	for	hydroclimate	(δ18O),	human	land	691	
cover	change	(pollen),	total	and	individual	clastic	layer	event	thickness.		Stable	692	
isotope	data	from	Jones	et	al.	(2006)	and	Dean	et	al.	(2015b);	pollen	data	partly	from	693	
England	et	al.	(2008).	Shaded	bands	show	the	main	periods	of	enhanced	erosional	694	
influx	into	Nar	Lake.	695	
	696	
	697	
	698	
Long-term	trends	in	the	frequency	of	clastic	layers	(Fig.	6)	show	no	obvious	699	
correspondence	to	either	δ18O-inferred	climate	or	pollen-inferred	land	cover	change	700	
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(Fig.	7).		This	suggests	that	runoff-	or	snowmelt-generated	flood	frequencies	at	Nar	701	
Lake	were	controlled	neither	by	the	mean	climate	state	nor	by	catchment	land	use.		702	
Variations	in	clastic	layer	thickness	show	a	very	different	trend	from	frequency	with	a	703	
notable	peak	(i.e.,	thick	turbidites)	between	1000	and	700	cal	BP	(950-1250	CE),	704	
preceded	and	followed	by	phases	when	the	clastic	layers	were	much	thinner	and	705	
therefore	unlikely	to	be	true	turbidites	(Fig.	6).		However,	the	clearest	pattern	706	
emerges	when	frequency	and	magnitude	are	combined	to	calculate	trends	in	total	707	
thickness	of	clastic	sediment	deposited	on	the	lake	bed	(Figs.	6	and	7).		When	708	
compared	to	δ18O-inferred	climate,	no	clear	correlation	is	apparent	during	the	last	709	
2500	years.		There	are	peaks	in	total	sediment	influx	during	periods	of	both	dry	(e.g.,	710	
2000	cal	BP)	and	wet	climates	(e.g.,	900	cal	BP).	Some,	but	not	all,	periods	of	711	
enhanced	clastic	layer	deposition	correspond	to	transitions	from	drier	to	wetter	712	
hydroclimatic	conditions.		713	
	714	
By	contrast,	an	obvious	match	is	seen	between	most	of	the	clastic	sedimentation	715	
maxima	and	pollen-inferred	changes	in	land	cover,	especially	forested	land	(Fig.	7).		716	
The	times	of	maximum	clastic	influx	occurred	when	forest	cover	was	low	and	717	
agricultural	land	use	intensity	was	high	in	the	area	around	Nar	Lake.		Similarly,	718	
minimum	clastic	influx	corresponds	to	periods	when	forest	cover	expanded,	notably	719	
between	1300	and	1000	cal	BP.		In	a	comparable	study	of	flood	layers	in	laminated	720	
lake	sediments	from	northern	Iberia,	Corella	et	al.	(2016)	inferred	that	major	721	
sediment-transporting	flood	events	increased	during	times	of	dry	climate.		However,	722	
here	too,	the	main	period	of	increased	erosion	corresponded	to	a	period	of	expansion	723	
of	population	and	agricultural	land	use	into	upland	regions,	in	this	case	in	Medieval	724	
times	(Rull	and	Vegas-Vilarubia,	2015).	725	
	726	
The	close	historical	relationship	between	land	cover	and	clastic	sediment	flux	at	Nar	727	
Lake	allows	further	conclusions	to	be	drawn.		First,	while	runoff-generated	flood	or	728	
snowmelt	events	were	clearly	required	in	order	to	detach	and	transport	sediment	729	
from	the	eroding	catchment	headslopes,	the	amount	of	sediment	generated	was	730	
greatly	amplified	by	intensified	human	land	use.	Prior	to	1300	cal	BP,	pollen	evidence	731	
implies	the	presence	of	olive	groves	and	vineyards	close	to	Nar	Lake.	After	1000	cal	732	
BP,	the	dominant	regional	land	use	was	agropastoralism	(England	et	al.,	2008),	and	733	
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grazing	animals	(sheep/goat)	probably	played	a	significant	part	in	vegetation	734	
removal	and	exposure	of	bare	ground	to	rain-splash	erosion	at	Nar.		Second,	while	the	735	
fan	delta	at	the	southern	edge	of	the	lake	changed	the	style	of	clastic	sedimentation	736	
(i.e.,	by	causing	turbidite	deposition),	there	is	no	evidence	for	a	lagged	response	in	the	737	
lake	sediment	record	to	external	forcing.	Nor	is	the	event	sequence	an	autocyclical	738	
one,	with	sediment	buildup	in	the	fan	delta	leading	to	criticality	and	delta-front	739	
failure.	Hence	this	sediment	store	does	not	appear	to	have	significantly	delayed	740	
transfer	of	sediment	from	the	catchment	to	the	lake	bed.	Consequently,	clastic	layers	741	
in	the	lake	can	be	used	as	a	direct	indicator	of	catchment	erosion.	Third,	these	results	742	
imply	that	the	most	or	all	of	the	badland	terrain	currently	existing	on	the	Nar	743	
catchment	upper	slopes	formed	during	the	late	Holocene	as	a	result	of	human	744	
activity,	rather	than	being	ancient	and	of	natural	origin.		Because	some	of	these	745	
badlands	were	excavated	to	form	cave	dwellings	during	Byzantine	periods	(primarily	746	
1000-850	cal	BP),	then	badland	initiation	clearly	had	to	precede	this	time,	most	likely	747	
between	2300	and	1300	cal	BP.		748	
	749	
The	link	between	human	activity	and	catchment	erosion	at	Nar	extends	beyond	the	750	
lake	sediment	record	to	include	historically	attested	changes	in	the	rural	economy	751	
(e.g.,	Izdebski,	2013).		For	example,	phase	2	of	increased	erosion	and	sediment	influx	752	
after	1000	cal	BP	(950	CE)	corresponds	to	a	time	when	a	number	of	Anatolian	753	
aristocratic	landlords	began	to	invest	in	expanding	their	estates	after	years	of	warfare	754	
and	insecurity,	as	testified	in	Byzantine	documentary	sources	(Haldon	et	al.,	2014).		755	
Similarly	the	termination	of	this	phase	at	1250-1300	CE	coincides	with	the	Mongol	756	
devastation	of	the	Anatolian	countryside	during	the	1260s,	which	in	turn	led	to	the	757	
demise	of	the	regional	Selçuk	polity	in	1299.	Significantly,	the	transfer	of	political	758	
power	from	Byzantine	to	Selçuk	rule	after	the	battle	of	Manzikert/Malazgirt	in	1071	759	
CE	did	not	lead	to	any	diminution	of	erosion	in	the	Nar	catchment,	suggesting	760	
minimal	economic-demographic	rupture	at	this	time.	The	correspondence	between	761	
these	and	other	historically	attested	societal	changes	and	the	Nar	Lake	erosion	record	762	
is	remarkable	and	reinforces	the	important	role	that	human	impact	has	played	for	763	
this	geomorphic	system.	764	
	765	
	766	
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6.	Conclusions	767	
	768	
The	age	of	Cappadocia's	hoodoos	cannot	be	determined	from	a	single	site	located	at	769	
the	periphery	of	the	main	area	of	badland	terrain.		Evidently,	most	of	Cappadocia's	770	
badlands	must	be	ancient	and/or	natural	in	origin,	similar	to	other	Mediterranean	771	
badlands	in	regions	such	as	Almeria	in	Spain	and	Kokkinopolis	in	Greece	(Thornes,	772	
1987).		The	sequence	of	river	terraces	along	the	middle	reach	of	the	Kızılırmak	773	
implies	a	supply	of	sediment	eroded	from	Cappadocia	throughout	the	Quaternary	774	
(Doğan,	2010,	2011).		Equally,	no	major	alluvial-colluvial	fill	of	late	Holocene	age	has	775	
been	reported	at	this	potential	depocentre.	Nonetheless,	our	study	from	Nar	Lake	776	
suggests	that	Cappadocia's	badland	terrain	has	become	more	extensive	during	the	777	
late	Holocene	and	that	the	primary	cause	of	this	extension	has	been	anthropogenic,	778	
via	deforestation,	cultivation	of	cereals	and	tree	crops,	and	livestock	grazing.		Climate	779	
change	may	have	played	a	synergistic	role	in	accelerating	erosion,	notably	during	780	
wet-dry	or	dry-wet	transitional	phases,	and	perhaps	especially	during	an	initial	781	
precocious	phase	of	Neolithic	landscape	instability.		However,	on	its	own,	climate	782	
change	cannot	explain	the	pattern	in	sediment	flux	into	Nar	Lake	during	the	last	~14	783	
ka.		Lithogenic	element	concentrations	or	ratios	(e.g.,	Ti/Ca)	have	sometimes	been	784	
used	as	a	proxy	for	runoff	and	rainfall	in	Mediterranean	sedimentary	records	(e.g.,	785	
Ülgen	et	al.,	2012;	Heymann	et	al.,	2013),	but	in	Nar	Lake	their	explanation	relates	at	786	
least	as	much	to	human-induced	land	cover	change	as	to	palaeoclimate.	For	example,	787	
erosion	rates	remained	low	during	the	major	climatic	and	vegetation	transition	of	the	788	
Late	Glacial	to	early	Holocene,	as	they	did	during	most	times	of	extreme	climatic	789	
aridity	during	the	Bronze	Age.		The	low	rate	of	sediment	flux	during	the	Bronze	Age	is	790	
doubly	surprising	given	regional	archaeological	evidence	for	demographic	increase	791	
(Allcock	and	Roberts,	2014;	Woodbridge	et	al.,	2018,	in	press)	and	pollen	and	792	
charcoal	evidence	of	forest	decline.	Not	all	periods	of	regional	demographic	increase	793	
may	have	affected	the	immediate	vicinity	of	Nar	Lake,	whose	erosion	history	794	
represents	a	signal	of	local	land	use.	However,	a	similar	trend	characterised	small	795	
stream	catchments	draining	into	the	lower	Orontes	River	at	the	northern	end	of	the	796	
Levant	near	Antioch/Antakya	(Casana,	2008).	Here	too,	the	major	increase	in	797	
sediment	yield	occurred	with	land	use	intensification	during	Classical	rather	than	798	
Bronze	or	Iron	Age	times.	More	widely	across	the	Mediterranean,	economic	799	
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intensification	by	complex	societies	during	the	second	and	third	millennia	BP	led	to	800	
major	landscape	changes	and	increased	soil	degradation	(Walsh	et	al.,	in	review).			801	
	802	
During	the	last	2600	years,	the	varved	nature	of	Nar	Lake	sediments	has	allowed	an	803	
unusually	detailed	and	well-dated	record	of	clastic	event	pulses.	Because	of	the	804	
existence	of	an	alluvial	fan	delta	on	the	lake	edge,	the	most	important	of	these	805	
depositional	events	were	as	turbidites	rather	than	normal	flood	layers.	Even	so,	806	
pollen	data	show	clearly	that	catchment	erosion	increased	when	there	was	more	807	
intense	human	land	use	(arable	and	grazing),	notably	during	Classical,	Medieval,	and	808	
modern	times.		Similarly,	erosion	decreased	when	forest	cover	expanded,	for	809	
example,	between	1300	and	1000	cal	BP.		The	evidence	for	landscape	recovery	at	this	810	
and	other	times	of	reduced	human	pressure	shows	that	even	actively	eroding	badland	811	
terrain	can	heal	itself	if	the	environmental	footprint	of	humans	is	reduced	and	812	
sustained	for	sufficient	time.		The	sedimentary	record	indicates	that	the	current	813	
phase	of	accelerated	erosion	at	Nar	only	started	in	~1920	and	that	it	was	preceded	by	814	
more	than	four	centuries	when	erosion	rates	were	substantially	lower	and	apparently	815	
more	sustainable.	While	not	the	natural	baseline	that	existed	during	the	early	816	
Holocene,	the	Ottoman	period	of	moderate-intensity	agropastoral	land	use	could	offer	817	
a	realistic	potential	target	state	for	geomorphological	landscape	restoration	at	this	818	
site.	The	Nar	Lake	catchment	record	thus	appears	to	offer	a	historical	819	
geomorphological	example	of	a	scenario	described	by	Butzer	(1974,	p.	73)	showing	820	
how,	'with	careful	cultivation	or	pasturing	of	limited	numbers	of	suitable	livestock,	821	
soil	erosion	can	be	kept	to	an	acceptable	minimum'.	822	
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